Nitrogen is an important nutrient for the successful metabolism of plants, but its occurrence in soil is always very limited. This nutrient has a significant role to preserve plants during various stress conditions by altering the production rate of phytochemicals as defense weapons. Hence, this study was carried out to analyze the effect of nitrogen supply on the phytochemical composition and relative water content in Jatropha curcas L. under a simulated drought condition. The selected seedlings were grown from stem cuttings and categorized into different treated three groups along with the control. After the completion of the experiment, the growth pattern and phytochemical production were investigated. An increased malondialdehyde activity (MDA) was reported with a reduction in relative water content (RWC) of the leaf and in the biomass of seedlings under drought stress. A significant decrease in the levels of alkaloids, phenol, flavonoids and tannins with an increase in saponins and terpenoids was also observed in only simulated drought stressed plants. While a significant increase in the levels of total alkaloid, tannins, flavonoids and phenols was observed in those plants where exogenous nitrogen was supplied before the start of drought periods, unlike in treated and control plants. Therefore, it was revealed that application of Nitrogen enabled the plants to possess protective mechanism through the production of phytochemicals that facilitate the cell membrane to reduce the detrimental effects caused by drought stress.
Introduction
Plants are sessile in nature and have adapted well to various stress conditions. The abiotic factor drought is one of the detrimental stresses which limit crop yield worldwide. The onset of drought occurs slowly and develops severe intensity with time duration which results in both morphological Horizon e-Publishing Group ISSN: and physiological damages (1) . The effect of drought is mostly linked with the reduction in photosynthetic efficiency due to the reduction in the leaf lamina expansion, which causes early senescence of leaf and decreased food production (2) . Under drought stress conditions, oxidative stress occurs which leads to the development of reactive oxygen species (ROS) such as alkoxy radicals (RO), catalase (CAT), gluthatione reductase (GR) and ascorbate peroxidase (APX) (3, 4) .
Nitrogen is a vital component of cellular constituents. Alkaloids, amides, amino acids, proteins, DNA, RNA, chemicals, nutrients, hormones and numerous other cell complexes contain nitrogen as one of there components. It isn't overstating to affirm that Nitrogen is the key component for metabolism and is the most critical ingredient of proteins and nucleic acids. Hence N2 assumes a huge role in the formation of biomolecules which control cellular activities. Incomprehensibly, all living organisms are in an ocean of environmental nitrogen (78%), yet miserably not all life forms are supplied with the possibility to use this copiously accessible subatomic N2 reasonably. Just a few life forms like certain microorganisms, blue green algae and couple of organisms, have the probability to use atomic N2 adequately and to fix it in the atmosphere. In any case, the vast majority of plants are able to utilize different types of nitrogen without difficulty (5).
Similar to carbon, hydrogen and oxygen, nitrogen also has an indispensable role in a successful metabolism, as it is directly involved in growth and photosynthetic activity (6, 7) . The required application of nitrogen to the plant always enhances the synthesis of chlorophyll, protein and protoplasm, thus it influences the cell shape, leaf texture and photosynthetic efficiency of plants (8) . Secondary metabolites are the phytochemical that are produced as byproducts of mainly secondary metabolism (9) . Recent investigations regarding the usefulness of these compounds have shown that secondary compounds such as alkaloids, terpenoids, phenols are either used for medicinal purposes or for taxonomic elucidation of species, i.e., chemotaxonmy (10, 11) . This research work was designed to examine the impact of nitrogen supplements on the production of phytochemicals during drought condition and to explain the exogenous supply of nitrogen as a potential strategy for drought tolerant in J. curcas plants (12, 13) . It was discovered during the study the consequence of exogenously supplied N2 enabled the plants to uphold defensive mechanism through the production of phytochemicals that assist the cell membrane to reduce the damaging effects caused by drought stress and to remain turgid during adverse conditions.
Materials and Methods
Plant growth and treatment: Jatropha curcas L. cuttings were procured from the biological garden in University of Lagos, Akoka, Nigeria. A total of 30 stems were sliced to a length of 24cm prior to sowing in nylon bags filled with 1.5 kg soil. The seedlings were kept for 7 weeks between 3-7% moisture content at 18 °C to enable sprouting and subsequent plant growth. The plants were then categorized into four groups: Control (C), Nitrogen supplement (N), Nitrogen and drought (N+D) and only drought (D), which were then subjected to respective treatments for 2 weeks. Group 'C' served as a control and supplemented with 250ml tap water every day. Group 'N' was supplemented with 0.1M foliar nitrogen at every 3 rd day, while plants of group 'N+D' were subjected to drought and 0.1M foliar nitrogen for the same duration and the plants of group 'D' were subjected to drought conditions for the duration of 2 weeks. After harvesting, all the plants were analyzed with triplicates and all the data was thoroughly compiled for further investigations.
Biomass determination:
Harvested plants were washed thoroughly in running tap water to remove attached soil particles and debris, then rinsed twice with distilled water and placed in labeled paper bags to oven dry (at 65 o C for 72 h) and then weighed (14) .
Relative Water Content (RWC):
The fourth leaf from top (fully expanded young leaf) of the plants representing each treatment were harvested and weighed to determine their fresh weight (FW). The leaves were submerged separately in distilled water for 24 h in the dark. They were collected from the water after this period, then dried using an absorbent and weighed to determine their saturated weight (SW). The leaves were then placed in paper bags and dried in an oven at 65 o C for 72 h, following which the dry weight (DW) was recorded.
The relative water content was calculated according to Turner (15) using the formula:
Relative Water Content (%) = [(fresh weight -dry weight) / (saturated weight -dry weight)] x 100 Lipid Peroxidation Measurement: Lipid peroxidation was measured by estimation of malondialdehyde (MDA) content following the procedure of Wang and Jin (16) . Fresh leaves (0.5 g) were homogenized in 5 ml 20% trichloroacetic acid (TCA). The homogenate was centrifuged at 10000 g for 5 min. The supernatant (1 ml) was mixed with equal volume of 0.6% (w/v) thiobarbituric acid solution comprising 10% TCA. The mixture was incubated for 30 min in a boiling water bath and cooled quickly on ice bath. The absorbance of the mixture was read at 450, 532 and 600 nm. The concentration of MDA was calculated as 6.45 (A532-A600) -0.56 A450.
Preliminary screening of J. curcas for Phytochemical contents
Collection of Plant Material: The leaves of J. curcas were procured from the biological garden at the University of Lagos (Nigeria) and kept in a clean envelope. The leaves were washed and then air-dried to achieve a uniform weight. 
Preparation of Aqueous Extract:
The air-dried leaves were ground into powder using mortar and pestle. The aqueous extracts of the leaf samples were made by soaking 5 g of the powdered sample in 10ml of distilled water for 12 hours (17). It was then filtered using Whatman filter paper no. 42, and the filtrate used for the analysis.
Phytochemical Screening of the Aqueous Extracts of the leaves of Jatropha curcas
The aqueous extracts of J. curcas were analyzed for the presence of flavonoids, saponins, terpenoids, tannins, alkaloids and phenols according to the standard methods as described by Harborne (18) and Trease and Evans (19) .
Statistical Analysis
The outcomes are given as means (n =3) of triplicates. All obtained data were evaluated by 16.0 SPSS program (SPSS Inc., Chicago, USA).
Results
Generally, drought stress significantly reduced the biomass of J. curcas. In plants with Nitrogen application, the biomass of 8.9±1.07 g was recorded which was greater than the control (8.0±1.03 g). In the case of plants under drought stress, the biomass value was 2.9±0.15 g whereas, a comparatively higher value of 4±0.1 g was recorded for plants under drought with nitrogen supplementation (Fig. 1A) . Likewise, in case of RWC the obtained values represents similar trend, i.e., plants of group C, N and N+D showed RWC values as 85%, 90% and 73% respectively, that were significantly higher than RWC of plants (54%) which were exposed to drought. Thus, the result indicated that the application of nitrogen is influential in the enhancement of relative water content (RWC) (Fig. 1B) . However, the effect of drought stress showed a reverse trend in case of malondialdehyde contents (Fig. 1C) . Plants with the Nitrogen treatment showed a reduced value of malondialdehyde compared to the control plants while plants subjected to drought showed higher values compared to drought with nitrogen supplementation. This showed that the application of nitrogen is helpful in lowering the malondialdehyde content during the stress conditions. The effects of nitrogen and drought on the phytochemical constituents of J. curcas are shown in Table 1 and Fig. 2 . Alkaloid recorded a value of 267.33 ± 8.7 mg/100g in the control plant. While nitrogen supplemented plants showed the slightly elevated value of (271 ± 4.11 mg/100g) compared to control plants. The level of alkaloid was recorded least (238 ± 4.32 mg/100g) in drought exposed plants in comparison to nitrogen supplemented drought stressed plants, i.e., 245±8.7 mg/100g (Fig.  2D ).
Saponins were recorded more or less similar in all the four sets of the plants and the content was maximum (231±2.62 mg/100g) in plants exposed to drought stress, while least in control plants (221.7±2.06 mg/100g), in the case of nitrogen supplemented plants the variations in saponin content between the second (222±2.16 mg/ 100g) and the third group (227±0.47 mg/100g) was fairly significant (Fig. 2E) . For tannins, a value of 420.7±2.42 mg/100g was recorded in the control plants, whereas 425.6±3.82, 387.3±11.72 and 363±15.13 mg/100g were observed in plants expose to N, N+D and D respectively (Fig. 2F) . The content of flavonoids in case of N supplemented plant was found slightly increased to a mean data value of 233±9.01 mg/100g in contrast to control (234±6.96 mg/100g) while N+D (215±3.15 mg/100g) and D (211.7±1.57 mg/100g) exhibited comparatively declined values than the control (Fig. 2G) . Phenol estimation showed that due to the N application, the phenol content increased (52±1.7 mg/100g) in the leaves than the control plants (47.7±3.12 mg/100g) and this elevation was more significant when a comparison was made among the N, N+D (36.3±1.96 mg/100g) and D (31.7 ±0.72 mg/100g) plants (Fig. 2H) . Lastly, the terpenoids content showed a reverse trend with the highest value recorded in drought stressed plants (37 ±3 .86 mg/100g) followed by N+D (30±1.24 mg/100g), N (23.7 ± 1.36 mg/100g) and the least (20.2 ± 2.51 mg/ 100g) for the control plants (Fig. 2I ). The overall assessment had shown that the application of nitrogen to plants under drought stress has a positive role in the strengthening of defense response to drought against damaging effect on the cells. 
Discussion
Drought affects all the physiological and metabolic processes of the plants (20) . These effects can be seen by the estimation of plant biomass, Relative water content, malondialdehyde (MDA) content. To withstand drought condition, plants shifted their metabolism towards the production of secondary metabolites to cope with the stress. These changes provide defense at the cell membrane, cell organelles and metabolic rate (21, 22) . Various efforts have been made in the past to find out the exogenous supplements that can enhance the defense response of the plants.
Nitrogen application is one such strategy (22) . The increase in plant biomass due to the application of nitrogen might be related to nitrogen supply stimulating plant growth and productivity (23, 24) . The reduction in percentage of relative water content (RWC) might be due to low moisture content in the soil, thus it affects water absorption by plant roots. This is in an agreement with the result reported by (25) . In this study, a significant increase in nitrogen occurs due to the substrate which convert enzyme to nitrite, similar to earlier report by (26) . The percentage RWC in N+D was found significantly higher compared to those exposed to only drought treatment, hence it indicates that nitrogen ameliorates the effects of drought. Similar results have been reported by (27). MDA activity is induced under drought, which results in the formation of ROS (28) . The supply of nitrogen declined the effect of ROS on MDA concentration. The result might be associated with the importance of nitrogen in making use of energy and efficiency of photosynthesis (29) . Quantitative investigation showed that alkaloids, saponins, tannins, phenols and terpenoids were present in the leaves of J. curcas. Drought (D) and Nitrogen + drought (N+D) treatments showed a remarkable impact on the concentrations of phytochemical. A low concentration of alkaloid, phenols, tannins and flavonoids were observed under N+D treatment and D. These are similar to the reports of (30) that ROS accumulates in plants under drought stress, thereby leading to the induction of oxidative damage. The high concentration of alkaloid, tannins, phenols and flavonoids found in plants under control and those supplied with exogenous nitrogen could be the role of plant nutrients in evaluating the activities of secondary metabolism production in plants (31) . The study has recorded an increase in saponins and terpenoids in response to the effects of drought. These observations agree with the results obtained from (32) that showed that drought increased saponin content in Acalypha wilkesiana. In this study, this increase in saponins might suggest its defensive role against damage caused by oxidative stress (33) (34) (35) (36) (37) (38) . Drought stress is becoming a major global issue which restrict the agricultural productivity to a great extent. Nitrogen is an indispensable macronutrient for plants and it can influence many facets of plant development and metabolic pathways, including water relations and photosynthesis process (39) (40) (41) . This study showed that drought stress influenced the secondary metabolism of J. curcas, which resulted in a change in the concentrations of phytochemical, some of them are produced at higher concentrations than control while some synthesized lower than the control. The mineral like nitrogen was found helpful to attain better defense response to mitigate the effects of drought in the plant. It also indicates that there is an interraction between N, water transport and drought stress in plants. Thus, the outcome of this study will be supportive in the future to strengthen the plants against drought stress.
Conclusion
The results showed the synergistic effect in nitrogen to mitigate drought stress in plants and revealed the utility of nitrogen application in J. curcas for better yield. The outcome of this study can be utilized in metabolic engineering approaches aimed at increasing the defense response which is associated with the improvement in growth and survival of plants, osmoregulation of the cytosolic compartments, ROS scavenging, membrane stabilization, balancing of membrane potential and induction of stress receptive genes that neutralize dysfunctions in metabolism caused by various stresses.
